The analysis of larval zebrafish locomotor behavior has emerged as a powerful indicator of 12 perturbations in the nervous system and is used in many fields of research, such as 13 neuroscience, toxicology or drug discovery. The behavior of larval zebrafish, however, is 14 highly variable, resulting in the use of high numbers of animals and the inability to detect 15 small effects. In this study, we analyzed whether individual locomotor behavior is stable over 16 development and whether behavioral parameters correlate with physiological and 17 morphological features of the larvae, with the aim to better understand variability and 18 predictability of larval locomotor behavior. We found that locomotor activity of individuals is 19 consistent within the same day and becomes predictable during development especially 20 during dark phases, when larvae are performing exploratory light-searching behavior and 21 display increased activity. Stimulus induced startle responses were less predictable for an 22 individual, and response strength did not correlate with inherent locomotor activity. Moreover, 23
Introduction 29
The ontogeny of zebrafish locomotor behavior and the underlying maturation of the 30 locomotor network has been subject of extensive studies, fueled by the vast variety of 31 genetic, molecular, physiological and behavioral tools developed for this prominent 32 vertebrate model organism. The first embryonic movements start around 17 hours post 33 fertilization, but it is not until 2-3 days post fertilization (dpf) that the larvae swim 34 spontaneously 1,2 . This swim pattern is initially infrequent and in bursts, that slowly transitions 35
into beat-and-glide swimming mode after swim bladder inflation and before feeding at 5 dpf 36 3, 4 . This sequence of events and the underlying cellular mechanisms are described in the 37 literature 5-7 , and as a result, the analysis of zebrafish locomotor activity has become a 38 popular read-out to assess the impact of external challenges to the nervous system in many 39 fields of research. The amenability to high-throughput, non-invasive analysis, which allows 40 cost-, material-and time-effective testing as compared with other vertebrate model 41 organisms, additionally contributes to the popularity of zebrafish behavioral assays. 42
Moreover, the availability of commercial plug and play systems (e.g. from Noldus, Viewpoint 43 or Loligosystems) has facilitated behavior data acquisition and analysis, making this an 44 endpoint that can now be readily used. These locomotor tests, however, suffer from high 45 inter-individual variability and small but important effects can neither robustly nor repeatedly 46 be detected [8] [9] [10] [11] [12] [13] [14] . 47
Behavioral inter-individual variability is common within populations of organisms, and the 48 concept of individuality and personality has been reported for humans 15, 16 , birds 17,18 , fish 19 , 49 and other species 20, 21 . Behavioral variability can arise from genetic, developmental, 50 pharmacological, environmental and social processes 22, 23 and plays an essential role in the 51 response and adaptation of a population to environmental changes [24] [25] [26] . Despite this 52 importance, the variation among individuals is often ignored when behavior is quantified as 53 averages with associated dispersions and individuals within a group are generally considered 54 as simple replicates [27] [28] [29] [30] . However, environmental changes can affect variation without 55 changing the mean and potential biological significance is obscured when such variation is 56 ignored. Therefore, it is important to address and understand these differences between 57 individual behaviors as it could facilitate the understanding of an individual's response during 58 environmental adaption 25, 26 . 59
However, inter-individual differences within a population are not the only issue that results in 60 large variation within, especially behavioral, experiments. High variability within an 61 individual's own response can also contribute to variation, with these intra-individual 62 differences mainly attributed to ontogenetic and environmental effects [31] [32] [33] . While intra-63 individual consistency in behavior has been widely addressed in primates and rodents, 64 aquatic models are less characterized in this regard despite their increasing use in 65 behavioral trials 19 . For the testing of acute effects on the nervous system, whether of 66 toxicants, drugs, stressors or other perturbations, the existence of intra-individual 67 consistency of locomotor behaviors in early larval zebrafish stages would allow baseline 68 measures of locomotor activities of all individuals prior to exposure to which effects can then 69 be normalized to. This would allow a better estimation of effects, especially if these are small, 70 thereby increasing the sensitivity of such tests. 71
Therefore, the goal of this study was to test whether consistency of locomotor activity of an 72 individual zebrafish emerges during larval development and under which conditions this may 73 occur. Given that light conditions shape locomotor patterns differently 34-37 , we hypothesized 74 that intra-individual consistency might vary under different light conditions. In addition, we 75 tested whether consistency can be observed from stimulus-triggered activity responses and 76 whether individual differences can be attributed to physiological or morphological features of 77 the larva. 78
Results: 80

Locomotor behavior is most predictable in darkness 81
To study the consistency of locomotor behavior of an individual larva over time, a total 82 number of 132 mixed wildtype (WM) larvae were subjected to different behavior tests at two 83 time points (9am and 2pm) over three consecutive days (5, 6 and 7 days post fertilization, 84 dpf; Fig.1a ). As the locomotor behavior of zebrafish larvae changes under different light 85 conditions 34-37 , we analyzed spontaneous swimming after a 20 min period of acclimatization 86 (referred to as "spontaneous"), swimming under darkness (2 x 10 min, referred to as "dark 87 intervals") and swimming in light after periods of darkness (2 x 10 min, referred to as "light 88 intervals") ( Fig. 1a ). Fig. 1a demonstrates short peaks of increased activity at the light 89 switches as well as heightened locomotor activity during dark intervals. In addition, we 90 investigated whether inherent locomotor activity of individual larvae relates to their activity 91 during startle responses, triggered firstly through 4 one second dark flashes ( Fig. 1b) and 92 secondly by using a tapping stimulus device integrated in the behavior system 38 (Fig. 1c ). We 93 chose an inter-stimulus interval of 90 seconds to measure the startle response from an 94 individual repeatedly without inducing habituation. Short peaks of increased activity occurring 95 immediately after stimulus application indicate that startle responses were triggered with 96 these two protocols. The activity and radial index were measured to characterize the 97 swimming behavior during the tests. The activity index is the percentage of time the 98 individual moves within one-second intervals. The radial index indicates where the larva 99 moves within the well and is calculated based on the distance of each larva in respect to the 100 wall. Smaller indexes represent closeness to the wall and larger indexes represent more 101 central locations. Although these parameters have been shown to be independent of each 102 other 39 , for our data we can confirm this only for certain experimental protocols depending on 103 when the experiment took place (Supp. Tab. 1). 104
We found that intra-individual variability was consistently low during dark intervals, while it 105 was gradually decreasing over development during spontaneous swimming and light 106 intervals ( Fig. 2a ). Differences in activity distribution could explain these changes, as the 107 activity of fish is lower under spontaneous and light intervals compared to dark intervals. 108
Most fish either do not move or display low activity during the spontaneous and light intervals 109 while during dark intervals most fish display activity but the amount they move varies and is 110 larvae dependent (Fig. 2b) . This is further supported, as the lower coefficient of variation 111 (CV) generally resulted from a higher mean activity rather than a smaller standard deviation 112 (Supp. Fig. 1a -c), indicating that the more the larvae move, the less variable their 113 movements are. 114
Considering that the intra-individual variability was lowest during dark intervals, we analyzed 115 whether an individual's activity is consistently high or consistently low under dark conditions 116 during development by looking at the correlation of activity between the different days (5, 6, 7 117 dpf) and time of day (9am and 2pm). There was a strong correlation between measurements 118 taken at 9am compared to 2pm for all days measured (5 dpf: r = 0.755, p < 0.05; 6 dpf: r = 119 0.541, p < 0.05; 7 dpf: r = 0.875, p < 0.05; Fig. 2c ), indicating that there was no effect of time 120 of day on the larvae's behavioral response to dark intervals. When looking at the different 121 days, correlations were observed for all days (Fig. 2c ), but the strongest correlations 122 occurred between day 6 and 7 (r = 0.745, p < 0.05; Fig. 2d ), suggesting that an inherent 123 locomotor activity emerges at day 6. Interestingly, activity during spontaneous swimming was 124 less predictable ( Fig. 2e ), although still showing a correlation, albeit weaker, between day 6 125 and 7 ( r= 0.406, P < 0.05; Fig. 2f ). In addition, for light intervals, the interactions were even 126 more unpredictable ( Fig. 2g ): Most comparisons resulted in no correlation, and the 127 correlation between day 6 and 7, although significant, was very weak (r = 0.272, p < 0.05; 128 To see if the larvae can adapt to the experimental procedure, we additionally tested whether 131 any of the periods measured (Supp. Fig. 2 ). For light intervals, a slight increase in the 134 strength of the correlations was observed, especially for 2pm measurements (Supp. Fig. 2 ), 135 potentially due to a reduction in variation in the data that is observed from a high 5 dpf CV in 136 the 3 day experiment. 137
When considering the location of the larvae in the well, less intra-individual variability occurs 138
between the different experimental conditions tested, compared to the activity index ( Fig. 3a) . 139
This indicates that larvae move very consistently, either swimming close to the wall or in the 140 middle of the well, independent of the light conditions. Interestingly, between the different 141 days and time points there is a larger proportion of significant interactions (Fig. 3e , f and g), 142
albeit the actual strength of correlation tends to be weaker for the radial index compared to 143 the activity index (e.g. for dark intervals-radial index: r = 0.694, p < 0.05; Fig. 3b , activity 144 index: r=0.745, p < 0.05; Fig. 2d ). This demonstrates that the radial index was less able to 145 predict the movement between the two days compared to the activity index. 146
In summary, we show that although the activity patterns slightly differ between mornings and 147 afternoons, individual zebrafish larvae move consistently, thus individuals with a high activity 148
level in the morning also have a high activity level in the afternoon. Moreover, in darkness, 149 when zebrafish larvae show hyperactivity compared to light conditions ( Fig. 1a ), intra-150 individual activity and radial index are most consistent and become highly predictable from 151 day 6. 152
Startle responses are not consistent for an individual 153
We tested whether inherent locomotor activity of individual larvae related to activity during a 154 startle response, triggered from two different protocols ("dark flash" and "tapping") ( Fig. 1b  155 and 1c), as well as induced when switching the lights on ("onset") and off ("offset") ( Fig 1a) . 156
The strength of the startle responses was measured by calculating the distance moved 157 during one second after the stimulus was applied. The average responses to each trigger 158 showed some differences, however, no clear trend is discernible (Fig. 4a ). In addition, the 159 individual responses seem to show neither a consistency nor a uniform decrease in strength 160 over the different stimuli, for both tapping (Fig. 4b ) and dark flashes (Supp. Fig. 3) , 161
suggesting that fish are not consistently habituating to the stimuli. Indeed, when calculating a 162 habituation index (HI) over the 4 stimuli, habituation occasionally occurs, but is not consistent 163 for an individual over development (Supp. Fig. 4 ). 164
Looking closer at individual consistency, we found a significant, albeit only moderate 165 correlation when comparing the response from the first tapping stimulus between 6 and 7 dpf 166 at 9am (r = 0.423, p < 0.05; Fig. 4c ). However, for responses in the afternoon this correlation 167 becomes negative (r = -0.404, p < 0.05; Fig. 4c ), potentially due to the larvae reducing their 168 activity at 2pm compared to 9am which is supported by the comparison of the average 169 distance moved between those periods (7 dpf 9am average distance moved: 0.138 ± 0.20; 7 170 dpf 2pm average distance moved: 0.041 ± 0.11; p < 0.05; Fig. 4a ). The significance of this 171 correlation weakens with each tapping stimulus and is ultimately lost (Fig. 4c ). Interestingly, 172 this trend was not seen at all for the dark flash stimulus, where no significant correlations 173 between the response of the fish on day 6 to 7 for either 9am or 2pm, irrelevant of the 174 stimulus number, was detected ( Fig. 4c ). The same inconsistency was found for responses 175 triggered at onset and offset of light switches (Supp. Tab. 2). 176
When cross-comparing responses to tapping stimuli and dark flashes, we found a weak 177 correlation for the first stimulus at day 6 (r = 0.406, p < 0.05; Fig. 4d ). However, this was not 178 consistently seen for all days or time points studied (Supp. Tab. 2), supporting further that 179 the larvae's response to a startle stimulus is not predictable or consistent at the individual or 
Locomotor activity is not associated with physiology and morphology 185
Resting heart rates in individual larvae can vary. We tested if this property links to their 186 inherent locomotor activity. The resting heart rates of our WM larvae lies within a broad range of 118.60 -225.46 beats per minute at 5 dpf with a mean of 185.55 BPM (± 21.94). 188
The mean did not significantly change at 6 dpf (mean = 186.51 ± 16.17), but at 7 dpf there 189 was a significant decrease compared to day 5 and 6 (mean = 176.63 ± 21.58, p < 0.05) ( Fig.  190 5a). Despite this, the resting heart rate of an individual was significantly consistent over the 191 three days measured (Fig. 5b , Supp. Tab. 4). However, although the resting heart rate and 192 locomotor activity for an individual are consistent during development, they did not correlate 193 with activity during dark intervals (5 dpf: r = 0.146, p = 0.10; 6 dpf: r = -0.015, p = 0.86; 7 dpf: 194 r = 0.084, p = 0.34; Fig. 5c ) or for the other light conditions tested (Supp. Fig. 5a and b) . 195
We further assessed morphological features of the larvae and tested whether they are 196 consistent over time for each individual and whether they would underlie the differences in 197 locomotor activity among the individuals. Body length was significantly smaller at day 5 198 compared to the other days, but there was no significant increase from day 6 to 7 ( Fig. 5d) , 199 with size strongly correlated between the days tested, suggesting that the individuals grow at 200 a constant pace ( Fig. 5e , Supp. Tab. 4). Again during dark intervals, there was no strong 201 correlation between activity of the larvae and their body length ( Fig. 5f ), with similar patterns 202 observed for spontaneous movement and light intervals (Supp. Fig. 5c and d) . Similarly, for 203 the size of the swim bladder, fish that had a large swim bladder on day 5 consistently had 204 larger swim bladders on day 6 and 7 ( Fig. 5h , Supp. Table 4 ). However, on average, swim 205 bladders appeared significantly smaller on day 7 compared to day 6 ( Fig. 5g ), potentially 206 because of a change in shape, as the developing swim bladder undergoes a process to 207 eventually form a double-chambered swim bladder in the adult stage 40,41 . There was no 208 significant correlation between the activity of larvae under dark intervals and the size of the 209 swim bladder, although for day 5 there was a slight trend towards fish with smaller swim 210 bladders moving more ( Fig. 5j ), which was also seen for spontaneous movement and light 211 intervals (Supp. Fig. 5e and f) . We performed our tests during 5 to 7 days post fertilization, as we aimed to find conditions 257 for consistency in a standard well plate and for ages that are frequently used for zebrafish 258 behavior studies. In addition, we chose this period to be able to test under unfed conditions, 259 to avoid introducing another variable through feeding behavior. Food can introduce 260 confounding factors in a high-throughput testing set up for drugs, pollutants or other 261 perturbations, so identifying specific predictable periods for behavior testing without food is 262 preferable 55,56 . To avoid potential feeding state-related behavioral changes we stopped our 263 tests at 7 dpf, although larvae can survive up to 10 days without food 57 . It would, however, be 264 interesting to investigate whether the observed consistency persists until adulthood, as for 265 adult zebrafish activity levels have also been shown to be consistent over several days 58 , and 266 whether social interactions among the individuals could influence the consistency of this 267 behavior. For some fish species, such as the Amazon molly (Poecilia Formosa) 42 or the 268 mangrove killifish (Kyptolebias marmoratus) 59 direct social experience did not influence the 269 repeatability of behavior in individuals, despite the importance of social interactions in these 270 species 60 . Yet in other species (e.g. guppy, Poecilia reticulata 61 ; rainbow trout, 271
Onchorhyncus mykiss 62 and cichlid, Neolamprologus pulcher 63 ), the social environment was 272 shown to affect consistent individual behaviors and the development of animal 273 personalities 64 . 274
Variability in zebrafish locomotor activity has previously been reported to decrease in the 275 afternoon between 13.00 pm and 15.30 pm 11 , a result that we could not recapitulate with our 276 data. In fact, during dark intervals we found that the variability was moderately higher in the 277 afternoons at 5 and 7 dpf. A possible explanation for this discrepancy is the difference in and under all light conditions. This within-day consistency allows researchers interested in 287 acute effects to record the baseline activity before the manipulation and thus calculating the 288 effects more precisely. 289
By 5 dpf, zebrafish larvae perform a repertoire of simple sensorimotor behaviors that operate 290 on characterized and accessible neural circuits 34,65-67 . For example, exposure to abrupt 291 acoustic stimuli elicits a startle response, an evolutionary conserved and stereotyped yet 292 modifiable behavior. Previous research has shown that zebrafish larvae habituate to a startle 293 response. Best et al. demonstrated that zebrafish larvae (7 dpf) exhibit frequent reduction in 294 response to a series of acoustic stimuli 68 . Wild-type larvae at 5dpf have also been shown to 295 rapidly reduce their startle response initiation and stereotypically habituate by more than 80% 296 when exposed to a series of acoustic stimuli 69 . In our study, the larvae's startle response was 297 very inconsistent and unpredictable, for either the dark flashes or tapping stimulus. There individual, as seen in previous studies, was not apparent. This may be due to the differing 306 startle protocols and different well sizes used for all the studies. The inter-stimulus intervals 307 lasted from 1 second 68,69 to 5 seconds 70 in the other studies, while in our study it was 90 308 seconds, which is much less likely to induce habituation. Moreover, in our setup, the 309 response may have been limited by the size of the well. For example, larvae that are located 310 close to the well edge when the stimulus is triggered, may respond with a small, or large 311 swimming distance depending on the direction of turning. Following the radial index over time 312
indicates that larvae reach the edge of the well during a startle response (see Fig. 1a -1c) . 313 Therefore, intra-individual consistency in startle response habituation might be masked in a 314 standard 48-well plate. 315
Previous studies have seen strong links between the behavior and morphology of a fish. A 316 study by Hawkins and Quinn (1996) investigated if morphological and physiological traits 317 explained variations in critical swimming speed and found that the best swimming fish had 318 longer caudal regions than the poorer swimmers 71 . Larger brown trout have also been shown 319 to have greater stamina and attained higher swimming speeds than smaller fish, along with 320 maximum swimming speed additionally correlating with fish size 72 . Studies with juvenile 321 zebrafish have shown that individual body size had a strong effect on the activity-boldness 322 relationship, where smaller fish were bolder and less active while larger fish were more cautious and active 73 . In our study, despite strong intra-individual consistency, no such links 324 between behavioural movements and morphological or cardiophysiological parameters were 325 observed under any of the conditions measured. This difference between our data and this 326 literature may be as a result of our study occurring over development. However, other 327 literature is in line with our findings in terms of the lack of this link, as for the bluegill sunfish 328 (Lepomis macrochirus), neither boldness nor locomotion activity correlated to the body size 329 or condition of the fish 74 . Importantly, locomotor activity was shown to be independent of 330 weight and body length in adult zebrafish 58 . Therefore, the link between morphology and 331 behaviour may be dependent on the age, conditions and type of behaviour investigated. 332
Scientific research is constantly under intense scrutiny, specifically for the occurrence of 333 irreproducible and non-comparable findings. In particular, high-throughput behavioral tests 334 frequently result in inconsistent findings, which researchers attribute to poor quality science 335 and non-standardized protocols 9-13 . However, this problem also strongly links to the lack of Aquatic Eco-systems, USA), linked to a recirculating flow-through supplied with a mixture of 366 tap and desalted water (1:1) at 26˚C ± 1, under a 14:10h light/dark cycle. Adult fish were fed 367 twice daily to satiation from a combination of dry flakes (Tetra, Germany) and live food 368 (Artemia nauplii). Group crosses resulted in larvae for the behavioral trials, where the eggs 369
were collected approximately 1 hour post fertilization (hpf). They were rinsed and incubated 370 in aerated artificial freshwater (according to ISO-7346/3 guideline 81 ) and unfertilized eggs 371 were removed during the blastula stage as described by Kimmel et al. (1995) 82 . Fish were 372 raised in petri dishes, approx. 50 per dish, until needed for behavioral experiments in an 373 incubator with the same light and temperature conditions, as mentioned above, in ISO 374 artificial freshwater, which was changed regularly. All experiments were carried out in 375 accordance with the animal protection guidelines and experiments with larvae were approved 376 by the cantonal veterinary office under the license ZH168/17.
Behavioral tracking and recording 378
At 4 dpf, larvae were distributed into 48-well-plates (Greiner Bio-One, Austria), where 1 larva 379 was placed into each well containing 500 µl of fresh ISO water. Fish were moved in the 380 morning and were returned to the housing incubator until the following day when behavioral 381 experiments occurred. Behavior was recorded using the DanioVision Observation Chamber 382
(v. DVOC-0040T; Noldus, Netherlands), which consists of a Gigabit Ethernet video camera, 383 infrared and white light sources, and a transparent multi-well plate holder. The camera output 384 was fed into a standard PC system with the EthoVision XT13 software (version 13.0.1220, 385
Noldus, Netherlands) which created videos to later be analyzed for the fish movement. 386
Larvae were subjected to different protocols to allow thorough assessment of their 387 movement. The first protocol consisted of an acclimation period of 20 minutes, to allow the 388 fish to adjust to the Noldus set up and allow their baseline movement to settle, followed by a 389 20 minutes measurement of spontaneous swimming behavior (referred to as "spontaneous" 390 throughout the manuscript). This was then followed by alternating dark and light periods at 391 10 minutes each (2x dark periods referred to as "dark intervals", 2x light periods referred to 392 as "light intervals"). Immediately following this protocol, the larvae's responses to a short 393 pulse of darkness was recorded as follows: Larvae were left for 90 seconds in light before 394 being subjected to a 1 second pulse of darkness, which was repeated 4 times, with an inter-395 stimulus-interval (ISI) of 90 seconds to allow fish to settle down and reach the baseline in 396 between each stimulus. This ISI was selected as it was shown by Pantoja et al. (2016) 70 to 397 be sufficient to not cause fish to habituate to an acoustic stimulus. The same pattern was 398 used for the tapping protocol but this time the stimulus was produced using the inbuilt 399 DanioVision Tapping Device (Noldus, Netherlands) 38 which produces an acoustic vibrational 400 stimulus. The swimming protocol was recorded at 30 frames per second while the startle 401 protocols were recorded at 60 frames per second. All of the behavior protocols were run at 402 9am and 2pm, on 5, 6 and 7 dpf, with all the protocols being the same for all measurements 403 carried out. Between the measurements at 9am and 2pm, the well-plate was maintained 404 under light conditions in the testing room to most closely mimic their normal diurnal cycle. 405
The 3 days experiment was repeated 3 times at different periods, producing a sample size of 406 n = 132 larvae for behavioral analysis. There was no effect of the rep on the behavior of the 407 larvae for any of the conditions tested (spontaneous: χ 2 (1) = 0.18, p = 0.672; dark intervals: 408 χ 2 (1) = 0.07, p = 0.787; spontaneous: χ 2 (1) = 0.83, p = 0.361). In addition, there was no 409 effect of location of the fish within the plate for any of the conditions tested (e.g. spontaneous 410 swimming-well: χ 2 (47) = 44.82, p = 0.563; column: χ 2 (1) = 0.16, p = 0.693; row: χ 2 (5) = 411 4.79, p = 0.442). 412
Heart rate and morphological measurements 413
At 4pm on each of the 3 days, videos were recorded of each larva for the measurement of 414 heart rates and morphometric parameters. Larvae were anesthetized with 160 mg/L of ethyl 415 3-aminobenzoate methanesulfonate (MS222; Sigma-Aldrich). A 15 seconds video of each 416 larva in the lateral position was then captured, at 30 frames per second, using a Basler 417 acA2000-165µM camera mounted on a Leica S8APO stereo microscope. Videos were 418 recorded using the Media Recorder 4 software (version 4.0; Noldus, Netherlands). After a 419 suitable video had been taken, larvae were immediately moved into a bath of 100% air 420 saturated ISO water to allow recovery from the anesthetic. Recovered larvae were then 421 moved to the same position of a new 48-well-plate containing 500 µl of ISO water in each 422 well and placed back into the incubator until the next behavioral measurements were taken. 423
From the videos collected, the heart rate and morphology parameters were measured using 424 DanioScope Software (version 1.2.206; Noldus, Netherlands). After manually selecting the 425 heart area in the video, the software calculated the number of beats per minute using a 426 power plot spectrum of the frequencies extracted from an activity signal. For each larva, 3 427 heart rate measurements were taken for each day from the same video and the average of 428 these was taken as the heart rate for that larvae on that day. The morphology parameters 429 measured were body length (from nose to tip of the tail; mm) and swim bladder (size of the 430 swim bladder from the lateral view of the larvae; mm 2 ), using the DanioScope software. The same calibration profile was used for all images, to ensure comparability between each 432 image. 433
Data and statistical analysis 434
Tracking of the fish by the EthoVision software was carried out from the videos in a non-live 435 tracking mode, allowing a static subtraction of the background and reducing tracking 436 artifacts. The same settings were ensured to give consistency across the different day, times 437 and replicates. To characterize the swimming behaviors during the spontaneous, dark and 438 light intervals, the activity and radial index were calculated. The activity index represents the 439 percentage of movement by each larva within one-second intervals and was calculated 440 within the software program using 2.00 to 1.75 cm/s as a threshold. The radial index 441 indicated where the larva moved within the well and was calculated using the distance from 442 center of the well (calculated in the EthoVision software) and dividing it by the radius of 5.725 443 mm. To calculate the intra-individual coefficient of variance, standard deviation was divided 444 by the mean activity for each individual larva. 445
For the startle response strength, the distance moved per second was used instead of the 446 activity index. This did not affect the significance or trends that were observed with the 447 activity index but allowed a more detailed view of the specific movements of the fish. The 448 period one-second post stimulus was taken to analyze the distance moved by the fish while 449 performing a startle response. To calculate the strength of each response with respect to 450 spontaneous movement, a baseline for each fish was determined before each stimulus. The 451 distance moved per second during a 40 second period, 10 seconds before the startle 452 stimulus, was averaged and SD added to give baseline level of distance moved before the 453 stimulus. The response strength was then calculated by subtracting the baseline from the 454 distance moved during the startle stimulus. Using this baseline, the habituation index was 455 calculated from ratios between the first strength response and either the second, third or 456 fourth strength response. The sum of all ratios was taken as the habituation score for that 457 larva. This score was calculated for each individual for each day and time.
based on their variation in light-induced locomotor response. Comput Biol Med 69, 1-594
